Background. the study aimed to determine the effect of iodine deficiency and increased radiation on morbidity of thyroid cancer in patients living in the ternopil region of ukraine. the task was solved by comparing the patients with thyroid cancer from the district areas with iodine deficiency and increased radiation with those coming from the regions with normal iodine content and a normal radioactive background. Material and methods. the area of the ternopil region was divided into the following 1) the northern area, with sufficient iodine content in food, radiation background -0.09 mcSv/h; 2) the central and western areas, endemic in terms of iodine content and increased background radiation (up to 0.13 mcSv/h); and 3) the southern area, with sufficient iodine but increased background radiation (up to 0.15 mcSv/h). to conduct the analysis and determine the sickness rate, the patients were grouped depending on sex and age. Results. the sickness rate and prevalence of thyroid cancer in males in 2016 were 4-6 times lower when compared to females in all areas. the sickness rate of the females in the areas with increased radiation turned out to be age-dependent with a 1.25-3.2 times increase when compared to the areas with normal conditions. In the areas of the increased background radiation and dietary iodine insufficiency, the sickness rate of females was 1.54-5.4 times higher than the index in the areas with normal conditions. Conclusions. the highest rates prevalence and sickness rate of thyroid cancer in ternopil region of ukraine were observed in women over 51 years. the prevalence was 2 times, and the sickness rate 3 times higher in women over 51 years in the areas with iodine deficiency and an increased radiation background when compared to those in the areas with normal iodine and radiation background.
Introduction
Due to the focused attention of healthcare bodies and the public, the prevalence of thyroid cancer has been recorded reliably since the chernobyl disaster. In the authors' judgment, family doctors, particularly those working in the rural areas, should be alerted to the issue. this may contribute to early diagnosis and, thereafter, better treatment outcome.
as far back as 1976, thyroid cancer was regarded as an uncommon disease and was rated as "other tumours" [1] in the statistical bulletins of the Ministry of Public Health of the then uSSR. Radiation is known to be a strong causative factor of thyroid cancer morbidity. the amount of iodine, consumed with food, is also reported to take effect. the objective of the research work is to compare the role of various factors in the pathogenesis of thyroid cancer. For this purpose, the number of thyroid cancer cases in the ternopil region were analysed. the specificity of the territory is that some areas are endemic in terms of iodine content, some exhibit increased background radiation, while others are normal both in iodine content and radiation level.
Material and methods
the data from the ukrainian national cancer Register on the ternopil region in 2016 were used in the analysis [2] . the areas were grouped as follows 1) the northern one, with a sufficient iodine content in food, radiation background -0.09 mcSv/h; 2) the central and western areas, endemic in terms of iodine content and increased background radiation (up to 0.13 mcSv/h); and 3) the southernarea, with normal amount of iodine but increased background radiation (up to 0.15 mcSv/h) [3] . to conduct the sickness rate analysis, the patients were grouped depending on sex and age. there were fewer males and the sickness rate in some groups was less than 1 percent. all the men were pooled in a single group. the Pearson χ2 test was applied for establishing index difference reliability. the Pearson χ2 test is a nonparametric method, commonly used for evaluating significant differences between the actual qualitative characteristic of sampling in each category, and merely theoretical quantity which might be expected in test groups, provided that the null hypothesis is correct. the method allows assessing the statistical significance of differences between 2 or more relative indices. the χ2 test is used in analysing contingency tables, containing information on the occurrence frequency, depending on the presence of the risk factor.
to determine the statistical significance of differences between the thyroid cancer sickness rate and the prevalence of the disease in different areas, we calculated the Pearson χ2 criterion and compared it with the critical value. In case the Pearson χ2 test value surpassed the critical one, a statistical interrelation of the studied risk factor and the result was concluded, and the level of significance taken into account.
the criterion calculated value having been determined, the Pearson χ2 test critical value was found and recorded in the table. the value amounted to 3.841 (significance level p=0.05 and degree of freedom 1).
Results and discussion
the sickness rate and prevalence of thyroid cancer in males in 2016 were found to be 4-7 times lower in all the areas when compared to females (table 1.). no reliable difference between different age groups was found that could be attributed to an insignificant sickness rate. therefore, the sickness rate and prevalence in all male age groups were determined in a single group (Fig.1) . In the ternopil region, the sickness rate and prevalence of thyroid cancer in females are lower than in ukraine on the whole [4] and the uSa [5, 6] , but higher as compared to the indices in Europe [7, 8] . our findings confirm the other research data which indicate that thyroid cancer occurs 3-10 times more often in females when compared to males [4] . according to the ukrainian national cancer Register [2], in 2009 thyroid cancer was diagnosed in ukraine in 2267 persons (420 males and 1847 females, i.e. 18 and 81 percent respectively). Besides, the highest morbidity indices were noted in females in the age range 45-69 years. In the ternopil region, the highest sickness rate was observed in females above 51 years. the mean value of morbidity in Russia [9] was 4 percent, whereas in ukraine it amounted to 6 percent in the areas of increased radioactive background and insufficient iodine content; only 3.3 percent in the areas with increased radioactive background; and 2.1 percent in the areas with normal radioactive background and sufficient dietary iodine content. obviously, age-dependant morbidity in the areas of the ternopil region with the increased radioactive background is on average 1.25-3.2 times the index of the sickness rate in the areas with normal conditions. In the areas with increased radioactive background and insufficient food iodine content, the sickness rate is on average 1.54-5.4 times the index in normal areas.
the thyroid cancer morbidity index largely depends on the settlement area. age-adjusted morbidity index (2008) in the uSa was 6.8 new cases per 100,000 population, with females revealing higher sickness rate [6] . the highest index was noted in Hawaii (119 for females and 45 for males). the lowest registered morbidity index equalled to 1.4 per 100000 females and 0.4 per 100,000 males. In Europe, mean thyroid cancer morbidity index is 1.2-3 per 100,000 population, the lowest values being found in the netherlands, Slovakia and Denmark [9] . the residents of new caledonia reveal high index -80.9 per 100,000 population. In Russia, thyroid cancer morbidity index in 1995 was 1.1 for males and 4.0 -for females per 100,000 populations, while in 2002 -1.4 and 7.2, respectively [10] . within the period 1990-2010, the indices in Sankt-Petersburg were 3.5-6.7 for females and 1.4-2.2 -for males (per 100,000 population). these data may indicate that thyroid cancer development depends on the environment and ethnic (genetic) risk factors. For instance, the risk of thyroid cancer development has been found to be 10 times higher in the relatives of patients with thyroid cancer [9] . the indices of thyroid cancer prevalence in the ternopil region in 2016 correlate with the sickness rate indices in different age groups, with both indices increasing with ageing. thyroid cancer is more common Sickness rate and prevalence of thyroid cancer... in females. However, prevalence indices are lower here than on average in ukraine and in the world as such. according to the connecticut register (uSa) [11] , thyroid cancer prevalence in the uSa is 67.7 cases per 100,000 population for females and 23.7 cases -for males. the highest thyroid cancer prevalence in the ternopil region is 32 cases for females and 6 cases for males (per 100.000 population). this can be attributed to the fact that the patients do not report to the oncologist and, therefore, are usually overlooked by the medics. there are just a few main reasons for avoiding examination: primarily, irresponsibility and reluctance to undergo treatment, often due to the lack of funds; and secondly, common lethal outcome. nevertheless, in the authors' judgment, 30 years after the chernobyl disaster, the ternopil region reveals similar and even lower indices of thyroid cancer sickness rate and prevalence as compared with those in Europe and the uSa. the catastrophe gave rise to a number of extremely pessimistic predictions as to the increase of thyroid cancer sickness rate in ukraine, which, fortunately, proved to be grossly exaggerated. a possible explanation is that, from the ecological standpoint, the ternopil region is regarded as the cleanest in ukraine.
Radiation is considered to be the only factor which causes thyroid cancer. However, our findings show that dietary iodine insufficiency appreciably contributes to the effect of the increased radioactive background. this may be attributed to the fact that increasing the contact area of thyroid cells and blood under absolute or relative iodine insufficiency is a basic mechanism of developing thyroid tissue hyperplasia. Iodine insufficiency may lead to a constant stimulation of the thyroid tissue due to the increased content of thyroid-stimulating hormone (tSH). our findings suggest that the iodine insufficiency factor may be coupled with the radiation effect.
Conclusions
30 years after chernobyl disaster, in 2016, the ternopil region, partly stricken by the accident, reveals similar and even lower indices of thyroid cancer sickness rate and prevalence, as compared with those in Europe and the uSa.
the highest prevalence and sickness rate of thyroid cancer were observed in women over 51 years. the incidence was 2 times, and the sickness rate 3 times higher in women over 51 years in the areas with iodine deficiency and an increased radiation background compared to those in areas with normal iodine and radiation background.
